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Introduction
The 2015 run of the Large Hadron Collider (LHC) at √ s of 13 TeV opened up a new frontier for discovery. As the LHC experiments accumulate rising statistics, it is essential for theorists to match these efforts with increasingly precise theoretical predictions. Essential elements necessary for such predictions are accurate Parton Distribution Functions (PDFs). Despite decades of effort, there are still PDF components which can benefit from improvements. In particular, the strange content of the proton has relatively large uncertainties, yet this plays an increasingly important role in the LHC physics. In this short note we will focus on the strange PDF flavor, look at its extraction, and consider how we might improve its determination.
Flavor Differentiation
The challenge in extracting the strange quark PDF is to distinguish it underneath the dominant up and down components. One process which is especially sensitive to the strange PDF is the neutrino-nucleon DIS process with a pair of opposite-sign muons in the final state: νN → X µ + µ − . This process is sensitive to the underlying partonic process W + s → c (with the charm decaying leptonically), and using sign-selected neutrino beams the strange and anti-strange PDF can be separately determined. As the neutrino cross sections are typically small, these experiments are performed on heavy nuclear targets such as iron or lead; thus, the extraction of the strange quark PDF is intertwined with the corresponding nuclear corrections.
In fact, these nuclear corrections are not well determined. In Fig. 1 we display the nuclear correction factors for charged lepton DIS data (left) and neutrino DIS data (right) on iron. If we take these results at face value, they appear to be incompatible. [1] The curves in Fig. 1 show a parameterization of the nuclear correction factor which attempts to interpolate between the charged lepton DIS data (w = 0) and neutrino DIS data (w = ∞). In Fig. 1 -a we show the data points from the charged lepton DIS experiments (BCDMS and SLAC), and in Fig. 1-b we show the neutrino DIS data (NuTeV). Different nuclear corrections will result in different extracted PDFs, and thus yield correspondingly different theoretical predictions. (b) The scaled cross section dσ /dy for W + production at the LHC ( √ s=13 TeV). The upper (red) curve is the total with uncertainties. and the lower curves are (in order) the ud (green), cs (magenta), us (blue), cd (cyan) contributions. 
Impact on LHC Processes
We now take the collection of PDFs from Fig. 1 to assess the uncertainty of the strange quark PDF and its impact on LHC processes. In Fig. 2 -a we display the strange quark vs. the momentum fraction x at Q = 3 GeV; this allows us to approximately gauge the relative uncertainty which can be as large as 50% at small x values. To see the effect on an LHC process, in Fig. 2-b we show the total cross section dσ /dy for W + production as well as the individual partonic contributions {ud, cs, us, cd} using a simple leading order assessment (see Refs. [8] [9] [10] for details). In this preliminary analysis, the uncertainty band (red) shown in the plot is composed of the collection of PDFs from Fig. 1 . Due to the high energy at the LHC (as compared to the Tevatron), the heavier quarks play a significant role and can contribute ∼ 30% or more. Thus, a large uncertainty in the strange quark PDF will propagate into the uncertainty of dσ /dy. As W/Z production is one of the "standard candles" at the LHC, this simple exercise underscores the importance of improving strange quark PDF determination to facilitate incisive measurements which form the foundations for new physics searches.
nCTEQ Parton Distribution Functions
As the LHC is producing heavy ion collisions with proton-lead and lead-lead, we can approach this issue from an alternate direction. If we can refine the measurement of the nuclear correction factors, this can then improve the extraction of the strange PDF. The nCTEQ PDF project has taken the proton PDF global analysis as a starting point and extended it in the nuclear dimension. Specifically, at scale µ = Q 0 we generalize the initial proton PDFs f p (x, Q 0 ) to include the nuclear
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Figure 3: Selected nCTEQ15 PDFs (gluon, strange) vs. x at Q = 10 GeV for a proton in a lead nucleus, f p/Pb (x, Q). We display the central values (solid line) and the uncertainty band (shaded region) for nCTEQ15 [2] , HKN07 [3] , EPS09 [4] and DSSZ [5] . A-dependence f N (x, Q 0 , A), then evolve these with the DGLAP evolution equations, and fit a variety of nuclear targets. The most recent result of this analysis is the nCTEQ15 PDF set which includes error PDF sets generated using the Hessian eigenvector method. [2] This allows us to quantitatively assess the uncertainty due to the nuclear corrections. 1 For example, in Fig. 3 we show selected PDF flavors for a proton in a lead nucleus vs. x at a scale Q = 10 GeV; both the central value (solid line) and the uncertainty bands (shaded regions) are show. 2 For comparison, we also display the results from other recent nPDF determinations including HKN07, EPS09, and DSSZ. We observe the four bands are in very good agreement
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Impact at larger x values where there are strong constraints from data, but the bands begin to diverge at smaller x values where the constraints are reduced. For W ± production at the LHC the characteristic x values are ∼ 10 −3 to ∼ 10 −2 depending on the energy, and Fig. 3-b shows quite a bit of spread in this x region for the strange PDF.
Using the nCTEQ15 PDF sets we can construct the uncertainty for any physical observable as a function of A. In Fig. 4 we display the ratio R = F A 2,NC /F N 2,NC for a selection of nuclear targets as a function of x. The x regions are typically divided into a Fermi region (R > 1 at very high x), an EMC region (R < 1 at large x), an anti-shadowing region (R > 1 at intermediate x), and a shadowing region (R < 1 at small x). As we move from light nuclei (He) to heavier nuclei (Pb) we observe the magnitude of the nuclear correction is uniformly increasing. If we can make use of different nuclear measurements to reduce the uncertainty on the R correction factor, this can help improve the extraction of the PDFs from the nuclear targets, which in turn will improve the determination of all the PDF flavors, especially the strange quark.
W/Z Boson Production at the LHC
The production of W/Z bosons at the LHC in both the proton and heavy-ion channels provides a unique opportunity to untangle the nuclear corrections from the strange PDF. In Fig. 5 we display the (preliminary) correlations of the W ± cross section for proton-lead collisions using various PDF sets. [6, 7, 11 ] Specifically, we display the central value and error ellipses of nCTEQ15, the EPS09
PoS(DIS2016)141
Impact of Heavy Flavor PDFs D. B. Clark, et al.,
corrections with CT10 PDFs, the EPS09 corrections with CTEQ6.1 PDFs, 3 and the CT10 PDFs without any nuclear correction. While there is some spread in these central values, the results fall well within the error ellipses.
To emphasize the role of the heavier quark contribution {s, c, b}, we also display the results using only the first generation {u, d} quarks (circles), along with the 5-flavor result (triangles). The difference between these two results is striking, and dominantly due to the strange quark. This observation demonstrates that the LHC W production process is sensitive to the heavier quark PDFs (including the strange quark) at a level beyond the nuclear uncertainties.
Therefore, by combining LHC W/Z data from both proton and heavy ion beams together with the existing measurements (such as those used in the nCTEQ15 analysis), we can make significant strides in resolving the outstanding issues regarding the nuclear corrections and the strange quark PDF. This is a promising avenue of investigation to pursue, and a more detailed study is currently being completed. [11] 
